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DETERMINATION OF THE EFFLCT OF WING FLEXIBILITY ON
LATERAL MANEUVERABILITY AND A COMPARISON OF
CALCULATED ROLLING EFFECTIVFNESS
WITH FLIGHT RESULTS
By Sidney M. Harmon

SUMMARY

An analysis 1s made to show that, vhen account 1s
telken of sicdeslip and wing flexlblllity, the calculated
rolling maneuverabllity of an alrplane 1s 1n good
agreement with the results obtalned from flight tests.
The method used fecr takling. Into account the effect of
wing flexlbility avolids the compllicatlons of successlve
approximatlions but 1s nevertheless belleved to be more
nearly accurate than otker methods based on semlrigld-
wing assumptions. Thie appllicatlon of the method to a
wing of tubular slell constructlion 1s considered, and
the procedure 1s 1llustrated for a modern pursult alr-
plane. :

INTRODUCTION

Flight results obtalned from reference 1 and other
sources Indicate that the rolling effectlveness of alr-
planes 1s 1n many cases lower than that predicted from
the theoretlical method of reference 2, based on wind-
tunnel alleron effectliveness. Reference 3, on the
basls of a study of recent experimental data, has sug-
gested the use of an emplirlical constant of 0.80 to ac-
count for the wvarilous factors contributing to the
reduction of rolling effectiveness 1n flight. The
present lnvestigatlon was undertaken 1n order to deter-
mine a procedure that would enable designers to make a
more nearly accurate predictlon of the lateral maneuvera-
b1l1lity of alrplanes. Inasrmci as the lmportant factors
affecting the rolling maneuverabllity appeared to be
8ldeslip and wing flexlbility, the present analysls 1s
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concerned principally with a careful determination of the
influence of these factors and a comparlison of the calcu-~
lated with the flight results for rolling effectiveness

when allowance 1s made for sldesllip and wing flexlibllity.

Methods for predicting the effect cof sideslip on
lateral maneuverabllity are given In references 2, 4, and
5 but in the present investigation measured slideslip data
were available and the data were utilized in the com-
parison of the calculated rolling effectiveness with the
flight results.

A method for calculating the loss 1n lateral control
due to wing twlst is given in reference 6. The method
presented therein, however, depends on an arbitrarily
chosen shape for the spanwise twilst distribution in con-
Junctlion with an empirically determinel reference section.
1"his procedure for obtalning the spanwlse twlist distri-
bution, therefore, does not establish for any particular
case the required equilibrium, at every section, tetween
the aerodynamlic tcrque in the rollilng maneuver and the
elastic force of the wing. For modern alrplanes,
moreover, on which the winga have cut-outs for the landing
gear and armarent that cause comparatively large varia-
tions In the spanwise torsional rigldity, it would be
particularly unlikely that an accurate spanwlse tvist
distribution could be obtalned frcm an arbltrarily chosen
sl.ape of spenwlse twlst distribution and an empirically
determined reference zection.

In order to obtaln greater accuracy in the calcula=-
tions for the effect of wing flexiblllty on rolling
maneuverablility, a method 1s developed in the present
investligation in which the spanwise twist distribution 1s
ccmputed on the basls of the actual wing elasticity rather
than by the method of reference 6. The requlred equi-
librium between the aerodynamic torque and the elastlc
force 1s esatablished at every section with reasonable ac-
curacy without the complicatlons of the successive ap-
proximations ordinarily required to obtaln this equilib=-
riuwn, It 1s indicated that tne method 1s applicable
to modern wing designs having conventional allerons.



- - SYMBOLS

L rolling moment, assumed posltlive when rotation
of right wing ls downward; for contrlibuting
factors, see subscripts

fq,f5, and fy factors denotling aspect-ratio correc-
tlon applied to rolling moment com-
puted on basls of two-dimenslonal

flow
Lov2

q dynamlc pressure, pounds per square foot §p

ol rolling veloclty, assumed posltive when the right
wing moves dovnward, radians per asecond

v true alrspeed, feet per second

8o slope of lift-coeffliclent curve per degree at
infinitv aspect ratio, decj/da

cy 1ift coefficlent at & sectlion, positive upward;
for contributing factors, see subscripts

a angle of attack at a section, degrees

Vy Indicated alrspeed, mlles per hour. (m\/ po)

o] alr density

Po alr density at sea level

Cw wing chord at any sectlon, feet

Ca alleron chord at any section measured from hinge
line to tralling edge, feet

y coordinate measured along lateral axls of alr-
plane, feet

Y1272 coordinates 1lndicating, respectively, the flxed
positions for the lnboard and outboard edges
of the alleron, feet



Abg

Cr,
M
A(pb/2V) g

88q,

(55,

rate of change of section angle of attack with
alleron deflection for constant normal force
at section; used with prime to indicate the
valve at the sectlon for which wind-tunnel
date were obtalned

alleron deflection, posltlive when the right
alleron 1= deflected upward, degrees

total alleron deflectlon measured as the angle
between the right and left allerons, degrees

wing twilst, posltive when the leadlng edge of
right wing moves upward, degrees

wing span, feet
ving area

aerodynamlic twlstlng moment per unlt span taken
about the aerodynamic center, positive for
stalling moment, foot=pounds per foot

rate of change of pltching-moment coefflclent
per degree alleron deflectlon for constant
nornal force at sectlon; symbol 1s primed to
Indicate the value at the sectlon for which
wind-tunnel data were obtalned

dlstance from aerodynamic center to elastlc
center at a sectlon, posltive when aerody-
namlc center 1a ahead of elastic center,
feet

over-all wing 11ft coefflclent; for contributing
factors, see subscripts

Mach number; in expression dM/dy, twisting
moment
reduction in helix angle pb/2V due to side-

sllp

total alleron deflectlion requlred to balance
steady sildesllp

value of the helix angle pb/2V measured in
& roll from flight data



'Aod"L -~ total-alleron-deflectlon measured in a roll

£ from flight data

y! coordinate indlcating fixed spanwlse position;
feet

T torsionel moment acting -outboard. of a section

Ty' total aerodynamic twisting moment acting on

wing outboard of a section, foot-pounds,

</b 2 dy dy)

mt concentrated torque applled at section near
wing tip, foot-pounds .

Cp.R. coefficient of torsionaﬁ rigldity along span,
which is equal to gz7g7, where de/dy 1is

slope of deformation curve resulting from
concentrated torque M!

G modulus of elastliclty in shear

Ap area enclosed by line midway between the inner
and outer boundaries of thin-walled section
of wing

t wall thickness of wing section

8 perimeter measured by lline mlidway between inner
and outer boundaries of thin-walled sectlion
of wing

K torsion factor equal to 4Am%4¢ﬂ1; for thin-
walled tube 1In which skin has not buckled

= 0gf{30n/384) ¢ g

Subsoripts:

damp used to denote contributlion of aerodynamlc
damping to aerodynamic characterlstics of
alrplane

aileron used to denote contributlon of aileron deflec-
tion to aerodynamic characterlstics of alrplane

areqaseiimu,

R L ERY




twiat used to denote cdhtribution of wing twilsting-to
aerodynamlc characteristics of alrplane

ANALYSTS

The assumption 13 made that, during the steady phase
of a pure roll following the applicatlon of the allerons,
the rolling moments of an alrplane due to the aerodynamilc
demping, the alleron deflection, and the wlng twist are
in equllibrium. Thus,

Ldamp * Latleron ¥ Ltwist = © (1)

The changes 1n geometric incidence at any section vy,
which result from the dampling, the alleron deglection,
and the wing twist are, respectively, EX, 3£L 6a, and

8. From the lifting-~line theory (reference 7), therefore,
for a symmetrical wing-alleron arrangement, equation (1)
becomes

b/2
57.3f1 %F aocwy2 dy
o

y2 b/2
= f2q / ao(fé-’;) bacwy dy = fzq /' aglewy dy (@
Y1 Cn 0

where the normally insignificant rolling-moment contribu-
tlon due to the drag 1s neglected, and where p 1s taken
to be poslitive when the right wing moves dowvnward.

In equation (2), f3, fy, and fz are the aspect-

ratlo correctlons for the appropriate geometric angle-
of-attack distribution and plan form and the aerody-
nemic parameters ao and (6a/bﬁa)cn refer to values

appropriate to a Mach number and 1ift coefficlent for the
altitude and dynamic pressure q under consideration.
Reference 7 shows that the aspect-ratlo correction for
an elliptical plan form 1s lIndependent of the spanwlse
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distribution of geometric angle of attack.- Calculations
indicate, also, that for a wing having conventlonal
allerons and a plan form that approximates the elliptical
(such as wings having taper ratlos of about 1l.7:1 to 4:1),
differences in the values of f3, fg, and fz will

usually be negligible. For these cases, therefore, 1t
appears Justifiable to eliminate 'f;, fg, and fz from

equation (2). (For special cases, where the plan form
departs from the ellliptical to a greater extent than in
the taper ratios mentioned, the rolling moments in equa-
tion (1) may be obtalned by the method and data given 1n
reference 2, 1n which the antlsymmetrical change 1in
goeometric angle of attack due to wing twist 6, which
1s to be determlned hereln, can be treated 1n the same
manner as that 1ndicated for the change in angle of at-
tack due to alleron deflection [(da/d8g) en®)

The distributions of spanwlse twist 6 for use 1n
equation (2) may be obtained from a consideration of the
aerodynamlc torque and the elastlic forces acting on the
wing.

During the rolling maneuver the 1lift force at any
sectlon conslsts of the component contributed by the
alleron deflection, which acts at the center of pressure,
and the components due to the aerodynamlc damplng and
wing twlsting, which act at the aerodynamic center of
the sectinn. This resultant chordwise l1lift distribution
glves a twlsting moment at each sectlon having the value

aMm = 8 So qew? Ay
a\35, A

+ | + + SSE!E d (3)
L"T-aileron (°tdamp °7'twist)] Cw Y

In equation (3), ¢, 1s teken about the aerodynamic center

of the section; the term in brackets 1s the resultant 1lift
coeffliclent for the components due to the alleron deflec-
tion, aerodynamic damping, and wing twisting; and e/cy

is the dlstance as a fractlon of the chord from the aero=-
dynamlic center to the elastic center, reckoned as positive
to the rear. In this equation, the first term on the
right-hand side represents the total twisting moment of
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the section if the elastlc axls colncldes with the aero-
dynamlc centcr and the second term glves the additional
twlsting moment due to the displacement of the elastilec
axls from .the aerodynamlc center. A conslderation of
the additlonal twlsting moment contributed by the dis-
placement of the elastlc center from the aerodynamic
center shows that the twilsting moment wlll usually be
small for conventlonal wing-alleron systems in which the
allerons have a span of about 40 to 50 percent of the
wing span and extend to the spanwlse poslition of about

90 to 100 percent of the wing semlspan. Thls low value
for-the addlitlonal twisting moment follows from the fact
that the three-dlmenslonal l1ft distributlions due to the
alleron deflectlion, aerodynamic damplng, and wing twisting
tend to have simllsr shapes because the preponderance of
the geometrlc sanpgle-of-attack distribution due to each of
these components 1s 1n the outboard reglon of the wing;
consequently, because of the equllibrium of the rolling
moment and the similar shapes for the 1lift dlstributlon
of the componrents, the magnitude of champ + thwist’

when each half of the wing is consldered sepsrately, willl
generally be opposlte 1n sign and of the same order as
the magnitude of Cr_4q.non* The factor e/cy 1s also

small for usual wing sectlons because the elastlc center
1s 1n the viclnlty of the asrodynamic center. The addi-
tional twlsting moment in the case of conventlonal wing-
alleron systems, therefore, wlll normally represent the
product of two small terms; hence, in most cases, for
practical limits of accuracy, the last term in equa-

tion (3) may be neglected as a second-order quantity.

In order to estimate the magnlitude of the effect on
the rolling maneuverablllty of the addltional twlstling
moment due to the dlsplacement of the elastlc axls from
the axls of aerodynamic centers, computatlions were made
for a typlcal wing-alleron system having a 40-percent
alleron span extending to the wing tip in which the
elastlic axls was assumed to be at a constant dlstance of
10 percent of the chord length behlind the axls of aero-
dynanmlic centers. The computatlons utlllzed experimental
date (furnished by the Army Alr Forces), which were ob-
talned from torslonal-rigldity tests for the P-47B wing.
On the basls of these calculations it 18 estimated that
the effect of the lO0-percent dlsplacement of the elastle
axis behind the axls of aerodynamic centers would be to
increase the rolling effectlveness by an amount of the
order of 1 percent or less for the complete range of
speeds up to alleron reversal. Inasmuch as the elastlc



exls in modern wing designs is usually located withln.
15 percent of the chord length from the aerodynamic
center, the conclusion regarding the negligible effect
of the additional twisting-moment term in equation (3)
appears to be Justifiled.

The subsequent analysis will consider a wing of
tubular shell construction. The twist of a section
at a length y' from the wing center line may be ex-~
pressed as ) '

7' ap
oy = [ G oy (4)

It 13 shown in references 8 end 9 for the case of tubes
having closed sectlions, such as wings 1n which the wall
or skin 1s thin 1In conmparison with the other dimenslons,
that the angular twlst at any sectlion of infinitesimal
width &y can be expressed in the form

dégg _ T
& = 1 (5)

where T 1s the torsional rioment acting outboard of the
sectlon, G 1s the modulus of elaaticlty in sheer at the
section, and K 1s a factor depending on thie dimenslons
of the sectlion and, as long as bucklling of the skin does

not occur,
4a,2

[, as/t

K =

If a concentrated torque 1s applied at a sectlon near the
wing tip, T 1n equstion (5) 1s constant along the span
and 1s equal to HM! by definition; consequently, equa-
tion (5) may be written

Ml
dae/ay

Cp.R.

K@ =

by definition of Cp g -
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"The factors K and G depend only on the modulus
of elasticlity ln shear and on the dimenslions of the
section and can therefore be considered lnvarlant for
equivalent loads on the wing as regards T obtalned by
elther a concentrated or a distributed torque; conse-
quently, the equallity of the product KG to Cp p, 1s

similarly valid for the case where T varles along the
span, or, from equation (5),

d T

dy ~ Cop.R.

If this value for de/dy 1s substituted into equa-
tion (4), the twist at the spanwise position y' be-
comes

ny
By =‘/ EE%ET dy (6)
0

In practice, the varlatlon of Cp g, &long the span

1s usually determined by applying a pure twilsting couple
M' at a sectlon near the wing tlp and obtalnling the
slope of the deformatlon curve de/dy from measured
values of the angular twlst at various polnts along the
span. The foregolng procedure for determining the span-
wlse distribution of twist © 1in a rolling maneuver 1s
11lustrated for the case of a modern pursult alrplane

in table I(ec) and in figures 2, 3, and 4. .

As a result of the foregolng analysls, for the case
of conventlional wing-alleron systems having approximately

elliptical plan forms of taper ratlos from about 1l.7:1 to
4:1, equation (2) may be written

b/2
57.5$ Jf aocwy2 dy
0

Yo b/2
=l/p a°<§él) Sgcwy 4y - JP agfcyy Ay (7)
a/fc
71 n 0
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where © 1s determined from equation (6), in which the
value of T at any spanwlse position y 1s-

/'b/sz P/ dcy -
— = 2
S LA

Equations (7) and (8) are also applicable to the case of
a symmetrical wing-alleron plan form with differentially
operated allerons provided that the average alleron

deflection 1s used for 8y. If (Bcy/ /06, oy 18 obtained

from low-speed wind-tunnel results, the value of this
parameter should be multiplied by a compressibility cor=

rection factor, such as 1A/l - M » Wwhen used in equa-
tion (8). On the right-hand side of equation (7) the
first term represents the part of the rolling effective=-
neas contributed Ly the rigid wing and the second term
represents the reduction of rolling effectiveness due

to wing flexibility. The speed V 18 contained in
equation (7) in the expression for 6, since '8 1s ex-
pressed in equation (6) as a function of T, and T 1is
expressed in equation (€) as a function of ¢q

(or %pvz). The alleron reversal speed can be obtalned

from equation (7) by plotting p or pb/2V against V
and noting the speed corresponding to the intersection
of the curve with the horizontal exis. If (da/d8g) en

and (écm/bﬁa)cn can be expressed analytically with

reasonable accuracy as functions of V, the alleron
reversal speed can be obtalned by setting the left member
of equation (7) equal to zero and solving the equation
for V through 0 as previously explained.

RESULTS AND DISCUSSION
Calculated Results
Calculations were made by the foregoing method for
the rolling effectiveness of a modern pursult alrplane at

various speeds, The detalls of the computations are
given in order to 1llustrate an application of the method.
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The calculatiorns were made for the P-47C-1-RE air-
plane for a range of 1ndicated airspeeds from 150 miles
per hour to the alleron reversal speed at an altitude of
approximately 4000 feet. The two-dimensiondl slope of
the lift-coefficlent curve &, was assumed constant

along the span and was therefore eliminated from equa-
tion (7). The dimensions of the wing-alleron system
were obtelned from drawings supplied by the Republic
Aviation Corporation and are given in figure 1 and .
table I. The values for the aerodynamic parameters

———- and in ‘equations (7) and (8),
66a

reSpectively, were based on two-dimensional test re-
sults obtained from unpublished tests made in the NACA
8-foot high-speed tunnel for a section at the midalleron
span ol the P-47C-1-RE alrplane. Because the ratio of
alleron chord to wing chord varisd significantly along
the span, the test results for the midaileron section
were extrapolated -on the basls of the theoretical curves
of figure 1 of reference 10 in order to obtain the corre-
sponding values at the other alleron sections; that 1s,
it was assumed that the ratio of the actual alleron ef-
fectiveness at any section to the theoretical value was
the same as the corresponding ratlo deduced for the
section tested in the wind tunnel. Thus,

[(M )cn]theor da (9)
8, oo k]

where the primed symbols refer to -the values as obtalned
for the section tested in the wind tunnel. A corre-
sponding relatlionship was alsc assumed for

(%%E . The varlation with V4 of the parameters
8jc

[ (20 ' and (éicn) ' 1s shown in figure 2 The
‘.RZ)Cn 1\ ko, '
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values given in the figure are based on the unpublished
data from the 8-foot high-speed tunnel for an alleron
deflection of 14° at a wing 1lift coefficlent and Mach
number approprlate with reasonable accuracy to the
P-47C~1~-RE alrplane at an altitude of approximately
4000 feeot.

The, torsional rigidity of the wing was obtained from
experimental data furnlished by the Army Ailr Forces,
Materiel Center, VWright Fleld, Ohlo for a prototype P-47B
alrplane. The P-47C-1-RL alrplene wing structure 1s the
seme as that for the P-47B, although the sharp-nose
Frise allerons of the P-47B were modified for the
P-47C~1~RE by introducing a blunter nose. The tests at
Vright Fleld were made by applylng a pure twlsting couple
at a section near the wing tip and measuring the angular
twist at various statlonrns along the span. The varla-
tions along the wing semlspan of the twist 6 per unit
M! and of the torsional-riglcdlity coeffilcient Cqp p, as

obtained by the foregolng tests are shown in figure 3.
The spanwlse varlations of the aerodynamic twilsting
moment due to the rolling maneuver dM/dy and the re-
sulting total twlstling moment outboard of any section T
were calculated by means of equation (8). In the com-
putations the effect of the dlsplacement of the elastilc
center from the aerodynamic centsr on the aerodynamilc
torque due to the rolling maneuver was neglected because
data obtained from the Republlc Aviation Corporation
indicated that the elastic axls for the P-47C-1~RE wing

was of the order of 5% percent of the chord length back

of the gquarter-chord polint. The spanwlse twilst distrl-
bution during the maneuver was computed from equation (6)
by obtaining the value of T/Cqp g, at several statlons

along the span and plotting these values as a function of
the spanwlse poslition Y. The twlst at any sectlon 1s
then equal to the area of the resultant curve measured
from the center of the wing span to the deslired station.
The distributions of dM/dy, T, and 6 in terms of

the alleron deflection, dynamlic pressure, and pltching-
moment-coefflclent derlvatlive at the teat sectlon

[( ) ] are shown 1n figure 4.
cn

The detalled steps and the numerical results obtalned
in the evaluation of the three members of equation (7) per
unit alleron deflectlon are shown in table I. For
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convenience in making the summetlon Indlcated at the end
of this table, the respective formulas for the three
terms are referred to as I(a), I(b), and I(c). The
specific computations for each term are given separately
in the.(a), (b), and (c) parts of the teble. It should
be noted at this point that the wmnit alleron deflection
referred to 1s for one alleron and consequently the
graphical integration gilven in the table 1s divided by 2
in order to present the results in terms of the total
alleron deflectlion Abg.

On the basis of the foregolng data,

B/2V _ 5 00810 722\ 1" - o0.000287q |(2Sm ' 10

where E%ég!- 1s the value of the hellx éngle per degree
a

total alleron deflection measured as the angle between

]
the right and left ailerons. Values for | (S3-
\ 364 en

dcy, !
and 33;>cn for use in equation (10) were obtailned

from figure 2 at ths V4 corresponding to the dynamic
pressure q.

The results of the calculations are presented in
figure E. Figure 5(a) gives the variation with Vi of
the effective helix angle pb/2V per degree total
alleron deflectlon both for an assumed rigid wing and for
the actual flexible wing in a pure roll at an altitude of
approximately 4000 feet. The flgure shows that, at
Va 400 miles gzgvhour, the effect of wing flexlbillity

1s to reduce Abg from 0.00343 to 0.00239, and that

alleron reversal occurs at V; = 545 mlles per hour.
Figure 5(b) surmarizes the calculated results from
figure 5(a) and gives the variation with V4 of the

ratio of 2 2V for the flexlible wing to the value for
a

the assumed rigld wing. This figure shows that at

V4 = 400 miles per hour, the allerons for the P-47C-1-RE
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alrplane are only 69 percent as effective in the actual
flexible wing as in an asaumed ¥igid one. ~Thése =~
quantitative results are based.on data for a total alleron
deflection of 8°, Because of the variation of compres=-
8ibility effects with alleron deflection for Frise
ailerons the quantitative results may be noticeably dif-
ferent for very small deflections.

Comparison of Gﬁlculated and Flight Results

Filgure 6 presents a comparison of the calculated
rolling effectiveness with flight results for the
P-47C~-1-RE airplane for a range of Vs from 150 to

405 miles per hour at an altitude of approximately

4000 feet. The calculated resulta show the rolling ef=-
fectiveneas for the assumed rigld wing and also the
rolling effectlveness vhen allowance 1la made for the wing
twist and sideslip which accompanied the actual rolling
maneuver. The filight data shown in flgure 6 are based
on unpublished results from tests conducted by the NACA
on the P-47C-1~RT alrplane. In these tests the angular
deflectlions of the allerons represent values measured at
the inboard edge of the alleron span. The measured .
alleron deflections thus eliminate the factor of stretch
iIn the alleron control system but the assumption 1s made
that the alleron deflectlon at the inboard edge of the
alleron span 1s representative of the deflections over
the entire ailleron span.

In figure 6, curve A glves the calculated value
for B%égz— for the assumed rigid wing in pure rolling.

Curve B presents the results of curve A corrected for

the sldesllip and wing llexibility. The magnitudes of
the corrections due to sldeslip as represented by curve C
were obtalned by taking the measured valuea of the alde~
8lip at the time of maximum rolling velocity and then
employlng flight data based on the P-47B airplane for the
alleron deflectlion requlred to balance the measured
magnitude of steady sldesllip. As the rolling criterion
pb/2V 18 directly proportional to 8g, the ratio of the

alleron deflectlion required to balance the sideslip to

the deflection measured in the roll is equal to the corre-~
sponding ratio of the losa of pb/2V caused by the side-
8lip to the sum of the measured pb/2V and the magnitude -
of the reduction in pb/2V contributed by the sideslip.
This relationship may be expressed in the form
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A(S%) A8y

A ) Aﬁafl
f%

or by the equlvalent formula

A(E%)s Abafz - Abas ( )fz

where A(g%)s refers to the loss in pb/2V due to side=

slip, Aby, 1is the total alleron deflection required to

balance the sldeslip, and the subscript fi? 1s used to
indicate the measured values obtalined in flight. The

reduction in b/2V due to wing flexlbillity given in
a

curve D of flgure 6 represents the difference in rolling
effectliveness between the rigld and flexlble wing as
determined from figure 5(a). The flight results in

- filgure 6 (deslignated by circles) represent the average

value of B%égz for right and left rolls. The flight

values were obtained for a total alleron deflection of-: 8
by plotting the measured values of pb/2V against Abg

for each of the 1ndicated airspeeds and using the falred
values of pb/2V dt A8y = 89,

The comparison-in figure 6 of the calculated results
with the flight results 1Zdicates fgood agreement when the
40

calculated values for are corrected for wing

flexlbllity and sideslip. The greater values of rolling
effectiveness in flight than the calculated values, at
speeds above approximately V4 = 350 mlles per hour, may

be explalned to some extent by the fact that the flight
results are based on alleron deflectlons measured at the
Inboard e¢dge of the alleron, whereas the crank for the
P-47C~1-RE alleron control system 18 located at the
center of the amalleron span; consequently, the effective
alleron deflection along the span 1s llikely to be
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somewhat greater than the value measured at the inboard
--- -—--odge because -of the twisting of the.torque tube.

. On the basls of the foregolrg comparison, 1t appears-.
that, when stretch 1n the control system 18 neglected,
the usual discrepancy whlch has been found between wlnd-
tunnel and flight alleron effectiveness can be fully
accounted for by the sldeslip and wing twlst that ac-
companies the roll.

In figure 6, as 1s to be expected, the reduction in

2 iv due to sldeesllp varles approximately lnversely as

the square of the speed; whereas the loss due to wilng
flexlbility increases approximately as the square of the
speed. On this basls the trend 1ls for the fllght re-
sults for a certaln range of comparatively low speeds to
show llttle or no reduction 1n alleron effectliveness
with increasing speed because the reduction in pb/2V

due to the wing twist 1s belng compensated for by the 1in-
crease lIn pb/2V due to the smaller sideslip at the
higher speed.

CONCLUSIONS

1. The calculated results of the present analysls
indicate that the allerons of the P-47C-1~RE alrplane
when dsflected *4° at 400 miles per hou: Iindlcated alr-
speed at approximately 4000 feet alitltuide are only
69 porcent as effactlive 1In the actual flexihle wing as
In an assumed rig.d wing, and alleron reversal occurs
at 545 mlles poer hour indlicated alrspeed,

2. The comparison of the calculated rolling effec-
tivenesns based on wind-tunnel data for the aerodynamlc
paremeters of the wlars-elleron system Indicates good agree-
ment with available fiight results when allowance 1s made

for the sldesllip and wing twist which accompanled the roll. .

Lengley Memorial hAeronautical Leboratory,
Natlonal Advisory Commlttee for Aeronautles,
Langley Field, Va.
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TABLE I.- COMPUTATIONS FOR g/&b.; P-47C-1-RE AIRPLANRE

I(a) I(b)
/2 2
87. f cyye dy f ( a) cuy Ay
;8 [ b 41 *8: e,
Dietance
{mlgon- (‘ a/u.) R
or ne
y as/aty),
Alleron
(er) ehord, [(ﬁ;)‘ ] o (20/284), .
o | e | ar |EE | | [embeer | )i | TomeT
(re) (£22) (£t3) | 1ine, 0, fge 1 -5
(re)
(from equa-
tion (9))
[} 9.04 [+]
2.42 9.00 21,76 62,69
4.3% 8.83 38.28 166.9
5,33 8.71 48.46 247.8
8.87 8.19 70.97 618.2
11.00 770 84.74 932.3 l.10 0.143 0.465 0.8458 71.684
13.80 7.08 94.87 1281 1.32 .188 «537 <978 72.63
18.17 8.47 98.12 1488 1.29 +200 580 1,000 98.12
16.00 8.06 96.99 1552 1.27 «209 «580 1.018 98.74
17.87 6.20 91.81 1622 1.03 .198 «548 991 90.98
19.34 3.64 T0.43 1362 +40 +110 415 768 83.14
19,92 2.75 54.78 1091
20,39 0 Q 0
By graphical integration, By graphical integration,
v/2 da
cgY° dy = 16,300 rt 2 \3%a
0/0 '12 7 — cyy dy = 745 3
»/2 Kfr ]
I{a) = 6'7.36 j c'yz dy
[} ¥2 ,9q PR AP
I(p) = f ( ) owy dy = 748 (:r) ] fe
= 558 & x 16,300 7 fz:% s Jey
b .3 I(b) _ 745 g L
= 45,500 B} rv - K&:)Gn] e
I{c)
f/zOc'y dy
(]
gE) dom/80a)ey 1y £= 1.8, LN §- Seyy
Dietance ©n {theor 3em/28a)c, |' - B dy T.R. B
rrom can= n e'z a::,,,/ao ) 2 Gb ﬂ:) /8 .
tar 1ina,[pererange 10, 2%, 2 ( W7 8en 2 %%—'—‘ ay (—t_ﬂ"‘“) o Tror. M)
b4 fig. 1 m (£e2) ac,,/ab Y W y y 1b +R. 1/
(re) theor E l)cn] from ( 2 )
3.0112 (£t2) (££3) fig. 3 Lr
o 81.63 328.2 oo [¢] [¢]
2.42 81,04 323.2 ac o] o]
4.33 78,00 323.2 0 0
8.33 78.66 325.2 0.00017 0.000080 0.0037
8.67 67,04 3238.2 001995 002024 2148
11.00 0.0104 0.929 59.32 55.09 328.2 003871 0096844 8342
13.50 <0111 991 49,37 48.93 195.1 004014 02048 1.943
18.17 .0112 1,000 41.84 41.64 120.1 . 003087 .02636 2.687
16.00 0112 1.000 36.72 38,72 87.3 002410 .0285¢9 2.778
17.67 +0112 1.000 27.00 27.00 32.8 +000968 +,03120 2.888
19.34 0096 «857 13.28 11.37 [+] 03190 2.247
19.92 7.5 [o] o +03190 ~1.748
20,39 0 [o] 0 +03190
By graphical integration,
b/2
f ouy dy = 21.60 3
0 s
b/2
I(e) = / Gowy dy = 21,608 £t2
) [o]
I{e} . 21.60 . 3 .
-A-(O_.l =Tz 1 K‘“’“/“‘)en e

By use of equation (7) with 84 given in terms of the total aileron deflection,

4

5600 pb _ 745 [/ 2a ' 21.60
st 7 " TKR'.'),,“] Kae.),n]

b/2V 20 m '
Laé._ = 0.00819 [-‘”_')cn] - o.ooozm[(m en]

48, 80, ~ abg
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ﬁ'gu/’e L= Flan form of wing semispan showing w/'ny and

aileron dimensions. P-47C-/-RE airplane; wing -
area, 300 squdre feet; aileron area, 25.7square feet. e
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